Objectives: Diabetes affects 29.1 million Americans. The relationship between poor health literacy, lower socioeconomic status, the psychosocial barriers related to diabetes is well established. With the association between glycemic control and diabetes complications, the importance of patient education/management to improve self-efficacy and glucose control is compelling. Several studies have demonstrated the impact of pharmacist-led diabetes education/management services in self-insured employer groups; however little has been published with patients facing access, income, and health literacy challenges. Study objective: To evaluate the impact of a pharmacist-led diabetes clinic in a public health department population.
INTRODUCTION
Diabetes affects 29.1 million Americans, just over 9.3% of the U.S. population. [1] According to the 2014 Centers for Disease Control Diabetes Fact Sheet, there are an additional 86 million people in the U.S. who have pre-diabetes; however, most of these individuals are either undiagnosed or unaware. In 2012 the total estimated costs of diabetes, direct and indirect, were $245 billion.
[2] Of this cost, 43% was for inpatient hospital care and 18% for medications to treat diabetes complications. More significantly, it is estimated that the number of individuals with diabetes will double by 2023, increasing cost of this disease to a staggering $430 billion. [3] Higher health literacy has been associated with improved self-management behaviors. [4] McCleary-Jones evaluated this association in African Americans finding a positive correlation between health literacy and both diet and exercise self-care behaviors. [5] Bohanny, et.al demonstrated that patients with higher health literacy had received diabetes education and were employed demonstrated higher self-efficacy. [5] Lower health literacy has been associated with poor self-efficacy and poorer health outcomes. Several studies have confirmed an association between inadequate health literacy, diabetes self-management, and adverse outcomes. [6] , [7] , [8] The evidence concerning the social determinants of health in patients with diabetes is equally compelling. Hill and colleagues list several reasons, such as the financial burdens associated with the disease, insufficient access to needed resources, decreased personal productivity, why low socioeconomic status is particularly problematic for those with diabetes. [9] In an article by Forsass, et.al, it was found that among type 1 and type 2 diabetic men and women, poor or no *Corresponding author: Email: bdugan@samford.edu http://dx.doi.org/10.20530/IJTA_33_1-8 ISSN 2320-138X © 2016 employment, low income and limited education level were associated with greatest mortality. [10] In addition, the association between diabetes and deprivation can be established at the level of a neighborhood. [11] , [12] Finally, the relationship between poor health literacy, lower socioeconomic status, the psychosocial barriers related to diabetes and poor glycemic control and diabetes related outcomes is fairly established. [13] , [14] , [15] , [16] Given the clear association between glycemic control and the incidence and severity of renal disease, heart disease, blindness, and non-traumatic amputation, the importance of patient education and management to improve self-efficacy, and thus glycemic control, are clear and compelling. [17] , [18] , [19] , [20] , [21] , [22] While glycemic control can be difficult in those without health disparities, in populations without insurance or who are the unemployed or underemployed, those of low income, and those experiencing language and cultural barriers and/or poor health literacy, the issues become substantially more difficult. [23] ,[24], [25] Several studies have demonstrated the impact of pharmacist-led diabetes education and management services. [26] , [27] , [28] , [29] , [30] , [31] When working with insured populations, particularly with self-insured employer groups, pharmacists have consistently demonstrated both improved glycemic control and better patient safety while decreasing overall medical costs. [32] , [33] , [34] , [35] , [36] While pharmacist impact is well documented in populations outside the public health arena, little has been published related to the impact of pharmacists when working with populations facing access, income, and health literacy challenges such as those found in a public health department population. The objective of this analysis was to evaluate the effectiveness of a pharmacist-led diabetes education and management clinic in a county health department health center.
MATERIALS AND METHODS

Setting
Study patients were selected from a county public health department population in the southeast United States. The health department provides primary care services, including adult health, pediatrics, family planning, dentistry, and optometry to county residents through six strategically placed health centers located in urban areas with limited access to healthcare around the county. The county's racial composition is approximately 43% African Table 1 provides the baseline values for patients in both the intervention and usual care groups for age in years, systolic blood pressure (SBP) in mmHg, diastolic blood pressure (DBP) in mmHg, hemoglobin A1c (A1C) in %, body mass index (BMI) in kg/m 2 , low density lipoprotein (LDL) in mg/dL, high density lipoprotein (HDL) in mg/dL, and triglycerides in mg/dL. American, 54% Caucasian, and 4% Latino based on 2013 data.
[37] The median family income is approximately $45,000; 15% lower than the 2012 national median. Seventeen percent of the county's population lives below poverty. [37] The median family income in the area of the county the health department primarily serves is approximately half that of the US median family income. According to 2009 data, patients seen in the Diabetes Clinic at the health department had a mean annual income of $9,400.
Study Design:
Eligible patients were identified using the electronic medical record, as well as by active referral of the health department's primary care provider. To be included in the study, patients had to be at least 19 years old, have either type 1 or type 2 diabetes with the most recent hemoglobin A1C (A1C), a blood test that correlates with a person's average blood glucose level over a three month period, ≥ 9%, and having been evaluated by a health department primary care provider at least twice in the previous calendar year. Groups, control and intervention, were then assigned based on the health center attended as the Diabetes Clinic was located in only two of the four health department health centers. Patients currently being seen at the two Health Centers where the Diabetes Clinic service was available were allocated to the intervention group. Those patients who went to health centers that did not have a Diabetes Clinic service were allocated to the control group for comparison. Exclusion criteria included refusal to attend the Diabetes Clinic, change to a primary care provider outside the health department health centers, and age < 18 years. Patient recruitment began in September 2010 and continued through December 2010 with the study concluding in August 2011. This evaluation did not require IRB approval as it was a quality initiative analysis of the program. On this basis, the IRB declined review of the program.
Practice Model Description:
Patients were seen in the Diabetes Clinic at 4 to 6 week intervals. A three-visit educational protocol was used to standardize visit content although education and management activities were tailored to patient needs. The initial visit focused on signs and symptoms of diabetes, disease complications, goals of therapy, A1C and its interpretation, medications and how they work, and glucose meter education. The second visit addressed diet, exercise, foot care, and what to expect from physician visits. The third visit involved an assessment of the patient's progress, review of key concepts, and a revisiting of any concepts still not understood by the patient. At all visits, medications were reconciled, Table 2 provides the study completion values for patients in both the intervention and usual care groups for age in years, systolic blood pressure (SBP) in mmHg, diastolic blood pressure (DBP) in mmHg, hemoglobin A1c (A1C) in %, body mass index (BMI) in kg/m 2 , low density lipoprotein (LDL) in mg/dL, high density lipoprotein (HDL) in mg/dL, and triglycerides in mg/dL. patients were screened for adverse drug events, self-monitored blood glucose (SMBG) logs were reviewed, and drug therapy was managed as needed; including insulin and oral medications. Patients also received follow-up phone calls during insulin titrations to verify appropriateness of therapy and to enhance patient safety. Patients who reached the desired goal (A1C <7%) at the third visit were given the option to be discharged from the care of Diabetes Clinic; however, patients were encouraged to contact the Diabetes Clinic for additional appointments for any issues or if loss of control occurred. Patients still not at goal at the third visit continued to be seen by the Diabetes Clinic using a follow up visit protocol until control was achieved. During these visits, more intensive education and support were provided to patients and his/her support system. One of the criteria for patients to continue to be seen in the Diabetes Clinic was regularly scheduled primary care provider visits.
Measures:
To determine the impact of the pharmacistled Diabetes Clinic, the primary outcome measure selected was change in A1C from baseline to study end. Other measures collected included blood pressure, low density lipoproteins (LDL), high density lipoprotein (HDL), triglycerides (TG), and body mass index (BMI).
A1C was collected every three months as available over the course of the study. Other outcome measures were collected retrospectively as physicians ordered these during regularly scheduled appointments. Data on the number and type of clinical pharmacy services (CPS) provided for patients was also collected.
Statistics:
Since the study design involves a pre-and posttreatment comparison, a two-tailed paired t-test was used to analyze data from baseline to study end for the pharmacist-intervention group and usual care group. The a priori level of significance was set at p < 0.05. All patients who attended at least an initial visit to the Diabetes Clinic are included in results. Table 1 depicts the baseline characteristics of the patients in the usual care and intervention groups. No statistically significant differences exist in any of these parameters. Table 2 shows the study parameter values at the end of follow up for both the intervention and usual care groups. The average length of follow up for the intervention and control groups was 347 and 335 days, respectively. Within group analysis demonstrated a significant decrease in the primary endpoint, with an A1C reduction of 2% between baseline and completion in the intervention group (p=0.0002).
RESULTS
The usual care group achieved only a 0.8% (p=0.16) reduction over this same time period.
Regarding secondary endpoints, while blood pressure, LDL, TG, and BMI all decreased and HDL increased, no statistically significant changes were found for either the intervention group or the usual care group.
The most common pharmacist services provided to the intervention group were medication reconciliation, patient counseling, drug therapy management, and preventive care (Figure 1 ).
DISCUSSION
Our results demonstrated a statistically significant A1C decrease of 2% in the pharmacist intervention group compared to a reduction of 0.8% in the usual care group. The study was unable to show a statistically significant difference on any of the secondary endpoints although all endpoints in the pharmacist intervention group decrease or increased as clinically desirable. This finding could be a function of the level of control seen at baseline for both groups.
Current American Diabetes Association guidelines recommend blood pressure be less than 140/90; at the time of this study, the goal was < 130/80. Patients in both groups had a baseline systolic blood pressure of 134 mmHg. Likewise, the acknowledged LDL target at the time of the study was < 100 mg/dL. Baseline LDL values were 113.9 and 117.5, intervention and usual care group, respectively. These results are similar to those of other studies of pharmacist intervention for diabetes care in non-public health settings.
Working with a primarily indigent Hispanic population at a Federally Qualified Health Center, Leal and colleagues showed an approximate 2.4% change in A1C (p <0.001) in 2004. [38] Their group also achieved statistically significant changes in SBP (126 to 118 mmHG), DBP (76 to 71 mmHG), LDL (108 to 97 mg/dL), triglycerides (249 to 191 mg/dL), and TC (204 to 181 mg/dL). Body mass index and high density lipoprotein showed no statistically significant change in this study.
In a different Community Health Center with primarily Caucasian (40%) and Hispanic (39%) patients with incomes at or below poverty (61%) and thirty-three percent who were insured by Medicaid, pharmacist intervention achieved an A1C decrease of approximately 1.7% (p < 0.05) as well as statistically significantly lowering SBP (130 to 126 mmHG) and LDL (116 to 96 mg/dL). [39] Similiar to Leal's study, BMI and HDL were not significantly changed. In contrast to Leal, however, DBP also was unable to demonstrate significant change in this study.
In a controlled trial with 159 patients in a Community Health Center, again largely comprised of Caucasian (31%) and Hispanic (58.5%) patients, pharmacist care for diabetes patients realized a 1.4% A1C decrease compared to a 0.9% decrease in control group patients. [40] LDL was also reduced significantly (129 to 102 mg/dL, p < 0.001). Of note, 88.1% of intervention group patients were uninsured while only 67.6% of control group patients were uninsured in this study.
Finally, a study of pharmacist intervention conducted in an academic general medicine clinic showed an A1C reduction of 1.9% at 6 months in a population insured by Medicaid (58%) that was primarily African American (69%) and in whom 56% had less than a high school education. [41] Interestingly, data indicated that the most common pharmacy service provided was medication reconciliation, followed by patient counseling and drug therapy management. This information may provide insight into the success of the intervention program. Common adherence challenges in patients with diabetes include paying for medications and remembering doses. [42] Factors which appear to influence adherence include a patient's understanding of the treatment regimen, the benefits of the regimen, as well as regimen costs and complexity. [43] Pharmacist education and counseling on diabetes medications, including proper medication administration and adverse drug events, patient self-monitoring, lifestyle changes, and motivational interviewing techniques have been shown to improve adherence and, subsequently, patient outcomes. [44] This study further supports these previous reports.
Our study has several limitations. First, while a usual care group was utilized as a control, the trial was not randomized. Usual care patients were drawn from different health centers than intervention group patients. This was done to assist in removing the pharmacy team as a confounder as the team works with providers during the adult health clinics daily. And while there is no reason to think control patients fundamentally differ from those in the intervention group, it does introduce the possibility of selection bias. Second, although greater A1C lowering was achieved with intervention patients, this group had a higher A1C at baseline than usual care patients. Finally, although the primary outcome measure was collected prospectively, secondary measures were gathered retrospectively.
CONCLUSION
This program analysis showed that a pharmacistled diabetes education and management service based in a public health department is effective in assisting low income, largely uninsured, primarily African American patients in statistically reducing A1C.
Given the burden of diabetes within the African American population as well as the documented impact of improving diabetes education to improve self-efficacy, engaging pharmacists to assist or manage a diabetes service for populations facing socioeconomic barriers may be considered.
